INTRODUCTION
Biocompatibility is defined as the ability of a material to function in a specific application in the presence of the appropriate host's response.
Biocompatibility of endodontic materials is characterized by many parameters such as: genotoxicity, mutagenicity, carcinogenicity, citotoxicity, histocompatibility and microbial effects. The research of newly developed materials with different mathods starts from a simple to the most complicated testing methods, from in vitro to animal testing and from preclinical to clinical testing on humans .
Implantation test is a nonspecific in vivo test of the tissue response to endodontic materials which is normally done with histological examination during analysis of the tested materials implanted into various animal tissues. Test materials could be directly injected or implanted by means of Teflon, silicone or polyethylene tubes into various tissues, muscle or bone of rats, rabbits, guinea pigs etc. .
Research of dental materials biocompatibility is mainly based on citotoxicity, Ideally, root canal sealers should be nontoxic and nonirritant for the surrounding tissues Bernath and Szabo, 2003; Huang et al., 2002) .
Materials for root canal obturation contain different chemical substances which may cause tissue irritation and inflammation. Tissue reaction on released substances depends on the amount and time of resorption. Freshly mixed material samples release the highest amount of toxic substances. The release of detrimental components is constant in tissue fluid producing less or more citotoxic reactions during longer or shorter periods of time .
Zinc oxide eugenole based obturation pastes release eugenol (Torabinejad et al., 1984; Gulati et al., 1991; Leonardo et al., 1998) . Epoxi resin based materials contain hexamethylenetetramine (methenamine) as catalyst / disinfectant agent and release formaldehyde after setting (Guertsen and Leyhausen, 1997; DiFelice et al., 1998).
However, there is a lack of knowledge on metacrylate based endodontic materials. Cyano-acrilic cements (McComb and Smith, 1976; Torabinejad et al., 1984; Barkhordar et al.,1988; Smith and Smith, 1993) , Poly-HEMA (Hydron, NPD dental systems INC, New Brunchwire, NY) - (Weine, 1989 ) and bone cements PMMA based (Heeley and Tomic, 1981; Linden et al., 1981; Karadzic 1999 Karadzic , 2001 Karadzic , 2004 and PEMA -polyethil metacrylate (Ahlberg and Tay, 1996) , are materials for root canal obturation, which showed high tolerancy to human periapical tissue. In this study we used Spongio cement (Tomi}, 1981, US patent 4296209) PMMA based (Palacos) used in Ortopedic surgery for hip protesis cementation and reconstruction of bone defects. The aim of this study was to determine the inflammatory reaction level of muscle tissue of laboratory rats on implanted materials for final rooth canal obturation: AH-26 and Sealapex daily used in dental surgery and PMMA Spongio cement based materials. 
Experimental animals
Histopatological research of material for root canal obturation biocompatibility included 24 Wistar homozigote rats, masculine gender, 360 to 520 grams body weight, divaded into four groups.
Material and methods AH-26 (DeTrey, Zurich, Switzerland), Sealapex (Kerr, Romulus, USA) PMMA Spongio cement based materials (Tomic 1981, US patent 4296209), and control sterile wax were implanted in prepared rat's m. biceps femoris. The animals were divided into four groups.
Each group contained four animals and the research period was 30 and 60 days.
Experimental procedure
The animals were given intraperitoneal anesthesia with 5 mg/100 g BW of Nesdonal on 100 gr. of body weight. The surgical site on rats back leg was swabbed and disinfected with iodine solution. The skin was shaved and a 3 mm long incision was done with a surgical blade. A pocket was made in m. biceps femoris and the material was immediately implanted into the pocket. The skin was then sutured.
Histological procedure
The rats were sacrificed 30 and 60 days after implantation and a part of m. biceps femoris was incised and immidietaly fixed in 7% formalin for 24 hours. After fixation the tissue blocks were prepared for histological examination and embedded in paraffin for sectioning at a thickness of 6 mm. The sections were mounted on glass slides and stained with Mayer haematoxillin and eosin.
The type and size of inflammatory muscle tissue reaction in contact with the implanted dental material was studied from images taken with Olympus AH-2 microscope.
RESULTS
Sealapex implanted in rat muscle tissue produced acute inflammation with abscessed formations around the material, with massive polymorphonuclear production, granulocyte infiltration with numerous multinuclear giants cells foreign body type. Acute inflammation still existed 60 days after implantation.
The life time of these cells is very short because of calcium distrofies in the capsula forming zones. Oval and circular violet zones were clearly seen on the photographs.
Infiltration intensity from the central zone to the periphery decreases, thus changing the cellular structure. There are numerous mononuclear cells, small and big lymphocytes and plasmocytes.
AH-26 produces a severe inflammatory reaction in rat muscular tissue around the foreign body, as well as an acute inflammation infiltration (neuthrophilic granulocytes).
Spongio cement produced a small chronic miositis with proliferation of connective tissue, lacking multinuclear giant cells. Connective (fibrous) tissue capsula around the material was predominantly made of mature cells and mature hyalinized collagene fibres with a minimal inflammatory reaction.
The control material which consisted of indifferent sterile wax, produced a reaction similar to Spongio cement. There was a mature fibrous capsula surrounding the material in contrast to the severe acute reaction produced by the alien body (anorganic surgical suture).
DISCUSSION
In this study the observed animals were WISTAR rats (Hashieh et al., 1999) , which are usually used for testing biocompatibility, due to the great similarity of muscular tissue histological structure of humans and rats (Heeley and The research period (30 and 60 days) was taken to be so long in order to avoid early acute reactions after tissue preparation and the application of the material itself.
It is known that the tissue reacts on trauma during material application, with a nonspecific acute inflammatory reaction and tissue necrosis. After a certain period of time the organism responds to the implanted material with a specific reaction, which depends on material composition and the time of setting (Schroder, 1985; Leonardo et al., 1997; Leonardo et al., 1998) .
AH-26 paste produced a severe inflammatory reaction in the muscular tissue, even after the studied period of 30 and 60 days from implantation.
Cystic formations around the material surrounded by connective tissue is the sign of chemical and mechanical irritation, excluding infection as the cause of inflammation. This incapsulation is the sign of limitation of the alien material in the tissue. Epoxy bisfenolic resin and hexamethylenetetramine (methenamine) from the AH-26 paste, which is hydrolysed to ammonia and formaldehyde showed the highest release in freshly mixed samples and decreased after setting (Smith and Smith, 1968 Sealapex implantation in rat muscular tissue showed severe chronic myosotis, with proliferation of connective tissue which was incapsulated by the material. Such severe reactions of muscle tissue could be explained by the alkalinity of the material during the long period because of insolubility or slow solubility of calcium hydroxide in tissue fluids (Schroder, 1985; Trondstad and Barnett, 1988; Analizing the results of muscular tissue reaction on implanted PMMA Spongio cement based material, we found a low level hronic inflammation around the capsula formed of mature connective tissue only 30 days after implantation. After 60 days, the capsula was completely made of hyalinizated collagen fibres and mature cells. The reaction is minimal in the surrounding tissue with rare giant cells.
Relative indifference of materials was proved in the studies of Linden et al. (1981) Helley and Tomic (1981) as well as Alvas (1982) with the reaction being milder then on pure PMMA because of the positive effect of Ca(CO) 3 and Na 2 HPO 4 added. Smith and Smith (1968) , Zmener (1981) , McComb and Smith (1976) definitly opturated root canals with cyan acrylic cement, without visible toxic effects on the periapical tissue. Torabinejad et al. (1984) , Barkhordar et al. (1988) , recommended cyano acrylic cements for canal and retrograde root canal obturation.
Beside cyanoacrylate cements, poly-HEMA as a hydrofilic gel (poly-2-hidroxy etyl metacrylate) did not produce any toxic effects on the periapical tissue, when the material passed through the apical foramen (Weine, 1989) . Ahlberg and Tay (1996) , using polyethyl metacrylate (PEMA) for root canal obturation, pointed to its hystocompatibility and osteoconductivity and its support to the reparation of periapical tissue lessions. Karad`i} (1999) used Spongio cement in the therapy of periapical lessions, placing over the material above the apical foramen. The therapy was succesfull in more than 90% cases.
CONCLUSION
Implantation of Sealapex in rat muscular tissue produced severe acute inflammatory reactions with a massive infiltration of polymorphonuclears and numerous giant cells.
AH-26 paste produced a strong foreign body reaction with lymphocyte predominance. Giant cells and macrophages contained fagocyted particles of the material. 60 days after implantation we found severe chronic myositis with a mass of giant cells and proliferated connective tissue.
AH-26 and Sealapex materials for root canal obturation showed citotoxic effects when implanted in the muscular tissue of rats.
The results of histological examinations of PMMA based implantation material, showed a formation of fibrous connective capsula made of fybroblasts and fybrocytes surrounding the material only after 30 days.
After 60 days a capsula was formed of mature hyalinizated connective tissue, without any signs of inflammation. The reaction is similar to the reaction to the control material (inert sterile wax). These findings point to the relative indifference of the biocompatibility of PMMA based materials. 
